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The behaviour of particles is tested by placing a suspension of the particles in a chamber in which an electrode array is arranged 
to generate a spectrum of different frequency dielecirophoreiic fields. The behaviour of the particles a( the different frequencies can be 
studied in a convenient and rapid manner. The apparatus and method can be used for a variety of purposes, including characterising the 
properties of specified particle types, or analysing the particle population in a fluid. It is also possible to expose the particles to different 
fluid parameters to extend the test spectrum in other senses. 
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APPARATUS AND METHO D FOP TE^ Nr, 
PARTICLES USING PI ELECTROPHnpflfi T g 

This invention relates to an apparatus and method 
tor testing or investigating particles present an a fluid 
5 using dielect rophoresis . for example to determine the 
dielectrophoretic characteristics, or to identify the 
presence and/or relative concentration of a particular type 
or types of. particle in the fluid. 

Dieiectrophoresis (DEP) is the translac iona I 
10 motion of a particle caused by polarisation effects an a 
non-uniform electric field. Unlike electrophoresis, no 
overall electrical charge on the particle is necessary for 
DEP to occur. instead, the phenomenon depends on the 
magnitude and temporal response of an electric dipoie 
15 moment induced in the particle, and on the force produced 
as a consequence of the electric field gradient acting 
across the particle. The magnitude of the dielectro- 
phoretic force F dep on a spherical particle of radius a is 
giver, by: 

<C O 
V£ 2 ( 1 ) 

p m 

20 where e„ is the absolute permittivity of the suspending 
medium, V£ signifies the gradient in the electric field, 
and z; : and e; are complex permittivities of the particle and 
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.is surrour.jir.j medium, i espec:. : ve 1 y . triv ;*cnii:.e:< 
permittivity is qiven by E 70/o>, wnere > - s tije jtiisoiute 
permittivity, o is the electrical ccnducr. i vi r.y , iv> js tne 
angular frequency of the electric field arc j - v ; -l . 
5 The term Re indicates that the real part of the expression 
within the square brackets of equation M) is cr: be taken. 

Fcr particles suspended in a uniform aqueous 
electrolyte, the permittivity and ronductrvi ty of the 
suspending medium usually remains approximately constant 

10 ever the frequency range 100Hz to IGOMHz, whereas fcr the 
particles themselves these parameters can vary 
significantly. The term {c' r - £*; can therefore he positive 
or negative, and thus over an extended frequency range a 
particle can exhibit both positive DE? (movement towards 

15 areas of high field strength) and negative DEP (movement 
towards areas of low field strength) . 

Differences in the dielectrophoret ic frequency 
response of particles can be used to selectively separate 
them by dielectrophoresis . An example of a particle 

2C separator which operates on this principle is described in 
International Patent Application WO- Al - 94 22583 in which a 
fluid containing two types of particles flows over 
electrodes producing a non-uniform electric field which is 
controlled so that the two types of particle experience 

25 different resultant forces and the fluid f j ow can remove 

one particle type preferentially. This separator can thus 
separate dielectrophoret ical ly different particles or 
ceils, but to be used effectively the d ie lect rophoret ic 
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bohaviour of the two different particle types fsnouid be 
already Known . 

Pin- plate electrodes have been used tor tins 
purpose determine the dielect rophoret ic characteristics 
5 of particular particle types, but the procedures are 
laborious and time consuming. 

Gascoyne ec al Meas. Sci . Technol . 3 (1992) at 
pages 439 to 445, determines the DEP behaviour of 200-300 
particles, specifically mammalian cells, by automatic image 

10 analysis. However, as with the use of pm-plate electrodes 

trie DEP response of the cells can only be measured at a 
single frequency at a time. Because the frequency range of 
interest in DEP is relatively large (typically 1 00 Hz to 
aoove 10 MHz), and several data points per decade may be 

IS required, many single frequency experiments need to be 
obtained for a sufficiently wide spectrum. Using this 
method it is therefore cumbersome and time-consuming to 
obtain a dielectrophoret ic spectrum over a large frequency 
range, so as to facilitate the observation or manipulation 

20 of cells or particles. 

There is therefore a need for a better way of 
determining the characteristics of particles in a fluid 
and/or of identifying one or more particle types present . 

According to the present invention there is 

25 provided apparatus for testing particles present in a fluid 
comprising a chamber, a series of spaced electrodes in the 
chamber, means for applying electrical inputs of different, 
frequencies to the respective electrodes to generate 
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ii L f erent di elect rori: : ret ic :. . el as : n l -M;p'.::L :v>.- : 
rjanacenC the e-vccrodey, an J m^. 4 r.:.- t:: uetectirv.i r.:ic 
presence of particles in the respective rtu:cr.s. 

Preferably moans are aisc provided for varyir.q 
s other parameters in tne chamber which can affect the 
dieiectrophoretic response or the particles. Such 
parameters car. include the electrical conductivity ar.d/cr 
permittivity of the material lr. the chamber and/or its pH 
value. Preferably also means are provided for adjusting 
10 the voitnoe of the electrical inputs r.c the electrodes. 

Additionally or alternatively, ether forces may- 
be used to enhance the movement of the particles. These 
may include hydrodynami c , ultrasonic, elect rcphoret i c or 
optical forces . 

15 The apparatus may be operated, for example, to 

determine the parameters which are appropriate for the 
separation and/or identification of a particular particle 
type in the fluid, or to differentiate between two 
particular types of particle present cr to analyse a 
20 mixture of several particle types. 

Tne regions in which the particles are to be 
detected will depend upon the geometrical configuration of 
tne apparatus and the conditions at which it is operated. 
In one form of tne invention, the electrodes are directed 
25 towards a further electrode or electrodes at a common or 

ground potential and the main areas ot interest will lie in 
the spaces between the tips ot the series of electrodes and 
the common electrode. Additionally or alternatively, the 
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r eq i on s t ">e twee:: ad i a ce i ^ 1 c c t r ode ^ ul t he s * r 1 e s are t u be 
invest igated . 

The means to detect the presence of particles in 
each of said regions may comprise a source of electro- 
ns magnetic radiation which is transmitted through the chamber 
to impinge upon particles present in the electrode gaps, 
and sensing means to detect the transmitted radiation nor. 
absorbed by said particles. There may be respective 
radiation sources for each region o: interest adjacent the 

iC series of electrodes, or beam detlecting means may direct 
the radiation for a single source through the regions 
successively . 

The electromagnetic radiation source may be a 
laser and the detector may be a charge coupled device 

IB (CCD) . Alternatively, a video camera can be piovided to 

monitor the radiation transmitted and a light source other 
than a laser can be employed. Automated image analysis 
means can then be used to interpret images thus obtained. 

Other means to detect the presence of particles 

20 may include current and/or voltage sensing circuits, 
connected in series with each of said electrodes, and 
arranged so as to detect variations in field 
characteristics and/or impedance fluctuations within the 
electrode gaps. The information may then be used to 

25 indicate the presence of particles adjacent to the 

electrodes. Automatic electronic switch means may be 
provided for switching such sensing circuits between the 
electrodes. This may be effected sequentially. 
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A::y i r.:n-'Sf detection Lochr.i :;u-^ may 
additionally employ means for obtaining i.itcrnia: ion .-4fc>ou» 
tne temporal dielectrophoret i c response, that £■.> say, 
the speed at which particles move :c cr fron different 
b dielectrcphoretic field regions. Because the speed or 

movement of the particles is directly related to the forces 
acting on them, and because tnose forces are axso rebates 
to the field characteristics, such temporal ;nf ormat ion 
(eg. rate oi arrival of particles) may help to corroborate 

1C ether measurements cr may be used independently to identify 
and/or characterise particles. 

The series of electrodes may De configured as a 
series of elongate fingers in a comb- like array with their 
tips directed towards a common electrode in the form of a 

IB linear conductive strip disposed opposite the array. In a 
modified configuration, the electrode array is arranged in 
a radiating pattern, for example of a circular or part- 
circular form. in one such arrangement, the electrodes are 
disposed about the periphery of a disc- shaped support such 

20 that their distal ends point towards a central region where 
the common electrode is situated. In the case of a 
circular electrode array the common electrode will be 
disposed centrally. In another example the electrodes may 
radiate outwards tc point towards a peripheral common 

25 electrode and the chamber may be of any suitable shape and 
dimension to accommodate the electrode array. 

The electrodes may be applied tc the surface ot a 
non-conducting substrate, such as glass or silicon, by 
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conventional techniques usee in the seni - conductor industry 
no apply conductive tracks. Alternatively, elect rical ly 
conductive electrodes may be applied, eg . by screen 
printing, onto a porous membrane. The use of porous 
membranes may have other functions, such as for the removal 
or capture of larger particles. The porous membranes may 
also be used to move particles towards or away from the 
electrodes, or be usee to help establish a conductivity or 
oermittivity or pH -gradient or other gradienr within the 
chamber . 

A separate fluid supply means may be connected to 
the chamber so as to supply additional fluid for flushing 
particles through the chamber and/or cleaning the chamber 
and/or modifying the overall conductivity and/or pH of the 
contents of the chamber. 

According to another aspect of the invention 
there is provided a method of testing particles comprising 
locating the particles in a carrier fluid in a space in 
different regions of which they are subjected to a 
plurality of different dielectrophoret ic fields and 
detecting the presence of the particles in the respective 
regions in order to characterise or identify the particles 
detected . 

The method may be employed with all types of 
particle, including animate and inanimate biological 
particles such as cells, and other kinds of organic 
particle as well as particles of inorganic matter. 

Sclely by way of example, the method and 
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apparatus the :r.ve:u will new j>_ u-^:r k:c:: in :t.._ »■■_. 

.icrail with reference to the accompanying diawinqs i:; 
which : 

Fig. i 1 s a schema: ic ill ustrar. : or~ o t one t orm o f 
5 apparatus according to "he invention; 

Fia. 2 is a larger scale plan view of a muiti- 
eiectrode array used in the apparatus of Fig . l ; 

Fig. 3 is a block diagram snowing the rignal 
generator of Fig. 1 in more detail; 
10 Figs. 4a, 4b and 4 c are graphs showinq the number 

of cells collected in the use of the apparatus of rig. 1 
under different conditions, and 

Figs. 5 and 6 are schematic illustrations of two 
modified forms of apparatus according to the invention. 
15 Fig- 1 shows an apparatus 10 for testing or 

characterising biological cells using dielectrophoresis . A 
mult i -electrode array 12 housed within a chamber 14, 
consists cf a comb- like series cf spaced electrodes, shown 
in more detail in Fig. 2, the tips of which extend close to 
20 a common ground electrode 13. Connected to an inler. 16 of 
the chamber is one end of a synthetic plastics or a rubber 
tube 20. A syringe 24 is connected, through a bung 22, to 
the ether end of the tube 20. The syringe initially 
contains a carrier liquid in which the cells to be studied 
25 are suspended. Through a second tube 26 connected to 

outlet 18 o: the chamber 14, fluid can oe drained from the 
chamber into a flask 28. The individual electrodes of the 
electrode array 12 are connected to a signal generator 30 
which is operated under the control cf a micro computer 32. 
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A laser which is also tinder the control oi micro- 

computer 32, arranged :o direct a bean throuqh the 

cnamber 14. A detector 36 sensitive to Lhe wavelength of 
:he laser beam, such as a charged coupled device (CCD) or a 
5 similar photosensitive device, is positioned on the 

opposite side of the chamber to the laser 34. The micro- 
computer 32 is also programmed to store and process the 
signals obtained by the detector 36. Optionally, pump 38 
can deliver fluid to the chamber via tube 40. 
G In operation, the ceil suspension : r> introduced 

rrom the syringe 24 via tube 20, or pump 38 via tube -if, 
into chamber 14. Under control of micro -compute r 32 the 
signal generator 30 activates the electrodes in the multi- 
electrode array 12 simultaneously at different frequencies 
so tha: a series of different die lect rophoret ic fields are 
established, in particular between the tips of the 
individual electrodes and the common electrode 13. 
Attraction or repulsion forces experienced by individual 
ceils in these fields can urge the ceils preferentially 
towards or repel them from different dielect rophoret ic 
regions. The liquid may be at rest while the 
dielertropnoret ic fields are established and the cells are 
distributed in accordance with the forces they experience 
from the fields, or a closed circulatory flow can be 
established, so that the particles will continue to be 
exposed to different field forces unless they have been 
captured by a force gradient in any particular region. 

The signal qenerator provides a spectrum cf 
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Ji i reiT-n: frequency :^-:ldr-, z ..- 1 ;;KHu . x;* r.r.-: 

c:;ambev 14. By e5:abi:^h:nq the d: r i -leni rrequei.cy 
di electrophorer.ic fields i:: d: i teren: rccions of :he 
chamber, it is possible :o observe any tendency the cells 
r cf any specific cell type have tc accur.ulav.e ciose tc the 
rips of particular electrodes, cue to beinq suo]ectec to 
repulsion and/or attraction forces by the lieias at the 
different regions. Under trie control oi \ he micro - computer 
32, the laser '$4 i 1 lutni na: es the rec;::r.s of th». j different 
fields sequentially. The radiation transmitted co tr.e f'CD 
*6 will bo obscured to a greater or .esse: extent, 
depending upon the amount of eel is ir. each region so that 
the CCD 36 detects different radiation intensities in 
accordance with the amount cf cells which have accumulated 
l~ around particular electrodes. It is cf course pcssirie to 
obtain measurements simultaneously from the regions of the 
different fields by using an array of lasers and associated 
detectors . 

Digital signals of the radiation intensities 
20 obtained are indicative cf the amount of absorption at each 
of the regions of the mult i -electrode array and are stored 
in the micro-computer 32, together with information, from 
the signal generator 30, about the fiequencies of the 
fields at these absorption regions. Also stored in the 
25 micro- computer are data on other parameters which may 
influence the behaviour of the particles i:i the 
dielect rophoret lc fields and so be ano ro be used to 
identify and/or characterise the particles. For example, 
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j I 



the cone it ions in the carrier iiuid in r.r.e chamber, such d!.; 
the conductivity and pH may be relevant.. This dati* may be 
•sr." e red manually from initial measurements or may be 
monitored during operation. The information gathered may, 
5 for example, be compared with a look-up table, stored 

within the micro- computer 32, to derive information about 
the identity of the cells. 

Other conventional counting methods may be used, 
including automatic image analysis, or rrakirq optical 

10 density measurements. It will be appreciated that using 
image enhancement algorithms, computerised images can be 
obtained, stored and analysed. 

From a series of tests a database of spectra o: 
different cells and/or mixtures can be established or 

15 expanded to enable rapid identification of cells. 

One form of electrode array 12 is shown in more 
detail in Fig. 2. It is fabricated using photo- lithography 
and comprises twenty gold plated conductors 12a , b , c . . . 12 1 
which provide a series of parallel electrodes 42 each 21/xn 

20 wide and spaced apart a similar distance. The tapered tips 
of the electrodes extend close to the common ground 
electrode 13 and at their other ends splayed tracks 44 
continue from the electrodes to broad area pads (not shown) 
at which the external electrical connections are made. 

2^ Fig. 3 shows the signal generator 30 in more 

detail and its connections to the electrode array. The 
signal generator comprises crystal oscillators b2,54 
operating at frequencies of 10MHz and 1MHz respectively. 
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From the ;:t:m.i:y : : e ru^.u^y oi;upu:...; ...j c: A j . tl or ; , > 

lower frequencies uy- obtained ucinc neoan^ and ;. inarv 
counters, which may consist o: 74 -series decade- counter TTJ 
devices 74LS90. A firs: group of three counters 5* ( only 
5 twe ot which are illustrated, are connected :i: cascace to 
operate as divicie-cy- ten. devices. The trequency 
oscillators 5 2, £4 and the counters 56 are each connected to 
the further group or rive counters 58, only four or which 
are illustrated, which operate as divide - by- two counters to 

10 provide a series o: outputs ot frequencies m the ratios or 
0.5, 0.25 and Co 125 to their input frequency. The 
generator thus obtains frequencies of 10, 5, 2.5, 1.25 and 
1MHz, 500, 250, 225, 10 0, bO, 25, 12.5, 10. 5, 2.5, 1.25 
and 1kHz, and 500, 250 and 125Hz. Through voltage control 

15 amplifiers 60, the 0-5V square-wave signals from the 

counters are converted to square-wave signals of ±5V which 
are supplied to the el tetrodes of tne array 12. 

A complete die lect rophoresis spectrum of a 
particle suspension, can thus be obtained in a single 

20 experiment by applying signals of equal voltage but 
different frequency to respective electrodes in the mult i - 
electrode array. Voltages in the range 0-24V pk-pk could 
be produced, as determined oy the computer control, but 
typically voltages of between 2 and 5V pk-pk were employed ' 

21 in the experiments. 

A specific example cf the use ot che apparatus of 
Figs. 1 to ^ with reference to experimental testing carried 
out by the inventors now follows. 
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The cjiumber 1*1 o roc: anqu iar and has a voiune of 
BO/xL. The electrode array 12 is termed on one wall and Lhr-. 
internal space of the chamber is built up above :he 
electrodes by using a 200^m polytetra t iucroethylene (PTFE) 
spacer disposed between and sealed to the opposite walls 
using epoxy resin as a water seal. An aqueous suspension 
of ceils, having a predetermined electrical conductivity, 
was pumped (using a Gilson Minipuls 3 system) into and out 
of the chamber via lmm inner bore polyvinyl chloride (PVC) 
and silicone tuning 16 and 18, 

The particles used were yeast cells Saccharomyces 
cxrevisicie strain RXII . The yeast was grown overnight at 
30°C in a medium of pH 5 consisting of 5 g/L yeast extract 
(Oxoid) , 5 g/L bacterial peptone (Oxoid) and 50 g/L 
sucrose, harvested and washed four times in deionised 
water. The suspension liquid also contained non-viable 
yeast cells obtained by heat treatment for 20 tnin at 90°C r 
and washed four times in deionized water. The optical 
density at 635nm of the final suspensions used was of the 
order of 0.3-0.4 in a cuvette of 1cm path length, 
corresponding to concentrations cf the order 7-9 x 10' : 
eel Is/ ml . 

The mult l -elect rode array 12 was monitored under 
a microscope (not shown) coupled to a video camera and 
monitor having a CCD 36. After introducing a cell 
suspension into the chamber, the fluid flow was stopped and 

the electrodes 12 energised. Cells were observed to move ' 
directly to nearby electrodes, and also to migrate from 
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soT'-- areas 1:. t:>- j eiejtrode array rjw.t r ^tir.-: nre^s. 
Alter equilibrium condition::- wore estatiishe^, wine;: ;:c:k 
of the order 10 seconds or less, the di ^cr;cur i on o:: oe Ho- 
over the mult 1 -electrode array 12 and in the region ue:ween 
5 the electrode 12 tips and the common electrode 13 were 

video recorded. Cell counts were then made m the areas 
between the electrodes and the area near the tips o: the 
electrodes from the images captured by the CCD i C . 

Tn a suspending medium of conductivity around 

1C 0.6 mS/m, viable yeast cells moved from electrodes 

energised at frequencies around 1; kHz and below, and were 
attracted towards those operating at 50kHz and higher. 
Non- viable yeast cells however were repelled from the 
electrodes operating at the frequencies of 1MHz and acove, 

15 and collected around those energised at frequencies of 

500kHz and lower. The resulting distribution is shown in 
the graph in Fig. 4a, and corresponds to the combined 
effect of cells moving directly to nearby electrodes under 
positive DEP , as well as to cells moving from areas of 

2C negative DEP to positive DEP. 

Figs. 4b and 4c show the distribution of ceils 
with the suspending fluid treated to change its 
conductivity by the addition of small amounts of a 
concentrated NaCl solution. The resulting conductivity of 

25 tne suspending medium was measured with a HP4192A impedance 
analyser using platinum- black electrodes of cell constant 
1 .5 8cm . 

Fig. 4b shows the results of a test, using only 
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able yftrisi culls, -i. u mediuni oi conductivity around u 
mS/rr,. The cci.eciici; specirum of the cells exhibits a 
strong peak around 0.1 MHz to 1MHz and falls ott to nil by 
2 kHii . From a furt.hei similar test, Fiq. 4c shows trie 
5 collection spec-rum of ncn-viable yeast ceiis in a medium 
of conductivity around 0.4B mS/m and, although a degree of 
experimental scatter is present, it shows the concentration 
of the cells at lower frequencies, falling off almost: to 
zero at IMHz . 

10 Characteristic frequency profiles can be 

established for different types of particles. Krom such 
data and particle counts at appropriate frequencies for tne 
particle types present in a mixture it is possible to 
establish the relative concentrations of mixtures of known 

IS particles in a £3u:.g medium. 

In a time following these cell displacements in 
the tests described, other less dominant ceil motions were 
observed. These motions took the form of ceils appearing 
to stream from the common electrode and across the 

20 electrodes energised at the lower frequencies, to finally 
settle on the electrodes energised at frequencies in the 
range from around 5kHz to 500kHz. This phenomenon might be 
due to low- frequency electrophoresis effects. However, 
non-viable cells were also sometimes observed to flow from 

25 the common electrode towards the electrodes energised at 
the MHz frequencies, and so other DEP driven forces may 
also be responsible. With increasing time these additional 
cell migrations distorted the DEP collection spectrum 
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e i i e t s . problem was over/:r--r :>y ;ier.t.y pump: ru: i:r: 

roll suspension over the electrode array to wqitato ii. 
Trie induce a hydro-dynamic forces assis*: e u c > more even 
£ distribution cf tne ceils in each frequency region, removed 

r:cn- attracted cells, and reduced the convect ion- like 

reaming or cells without interfering wi:h the DEP 
effects. If the flow rate became too high, coJ is tha: were 
only held by relatively small DEP forces were removed f tot, 

lc tne eLectrcdes, and thus gave rise to r ; reduced estimate of 

the cell nunber ar_ these electrodes. 

The illustrative experiments show measurement 3 of 
the DEF responses measured with constant medium 
conductivity and permittivity. It is within the scope of 

15 the invention to produce conductivity and/or permittivity 
aradients ever the electrode arrays so that further DEP 
spectra can be obtained in a single run of cells or 
mixtures at various conductivities and permittivities and 
or pH values. Fig. 5 illustrates a modification ot the 

20 apparatus m Fig. I, in which the part icle - containing fluid 
is divided between two containers 62,64 and the 
conductivity increased in the container 62. When pump 66 
drives liquid to the chamber, the conductivity of the 
liquid in the chamber will increase progressively as liquid 

25 from the chamber 62 is drawn into and mixes with the liquid 
already in the chamber 64. In a similar manner, a pH 
gradient in the carrier fluid could also reveaj , at the 
lower frequencies, effects associated with changes in the 
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:ru>.race cnarge ol c* cell. Such imaqeij f;;:ul,j ai^w bt- used 
t :;r bioparticie characterisation and identification, of use 
toi example in the clinical identification of rr.icro- 
organisms . 

5 In another development of the techniques 

described above, by placing an extended number of such 
multi-electrode arrays 12 in a conductivity gradient, 
permittivity gradient or pH gradient, for example, the 
diciest ropnore: ic frequency spectrum as a function of that 

10 parameter can also be obtained in a single experiment. 

Fig. 6 illustrates schematically an apparatus of 
this form. An elongate chamber 70 has a series of 
eiectrode arrays 72a , 72b , 72c , 72d set at intervals along its 
length. These arrays are indicated purely diagrammat ical ly 

lb but may each take the form of the array already described 
with reference to Fig. 2. Inlet and outlet porting 74,76 
respectively, at opposite ends of the chamber 70 are 
provided for the suspension of particles to be tested. 
Both the inlet and outlet porting are preferably arranged 

20 so as to give a relatively uniform velocity flow across the 
width of the chamber, eg. comprising a series of ports 
spaced across the width of the chamber. In the zone of 
each electrode array 72 along the length of the chamber 70, 
groups of inlet and outlet ports 78,80 are provided for 

25 passing a cross- flow of a further fluid over the array. 

For each array, a fluid having a diiferent conductivity is 
used tor the cross-flow, for example, the conductivity 
being progressively greater for each successive array 
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72b, ".J, "2*. 

Ii: operatic:'., the material under investigation : 
ir.t reduced into the chamber through the po:::na 7} ar.J th*-? 
electrode arrays are energised. Fluid f lows are then 
S directed through the crof?p-f low ports 73, SC, over the 

arrays, each successive: array 72a , 7 lib, 72c: , 72d being exposed 
to a medium of greater conductivity than its preceding 
array. A particle count is then performed at each array by 
means (not shown) which can take any o: the terms mer.r. io:ie*J 
1C earlier nerem. \t the particles are less strongly 
attracted by the cielect rophoret ic torces as the 
conductivity of the medium increases, trie particle count 
will be reduced at each successive array and a spectrum of 
values can be obtained from ihe different arrays. When the 
2 5 required data has been collected of the particle count, the 

cross flows are terminated and the debris is cleared by a 
flushing flow along through the ports 78,80. 

It will be understood witnout further 
illustration that tne method descrioed can be employed to 
2C test dielectrophoretic behaviour with variations of other 

parameters, such as the permittivity or pH value of the 
surrounding fluid medium. Where appropriate, similar 
experiments can be run in which the conductivity or other 
variable parameter is reduced in the direction of main 
25 fluid flow through tne chamber. Added versatility and 

applications can be achieved by coating the electrode 
arrays with reactive chemicals. 

A wide variety of particles and non - biological 
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ceils may be studied by use c j 1 t he :nver;LLor. f employing 

;- : :abU electrode arrays and rest parameters. For 
example, the order of magnitude of the gap between the 
series of electrodes and the common electrode could be 
5 altered so as to accommodate and test different 

bioparcicles species such as viruses, prions, proteins, 
molecules or DNA, or chemically activated particles such as 
coated latex beads. 

The fields of use of the invention include the 

\c aieiecr.rophoretic characterisation of a presumed dominant, 
single type, particle (animate or inanimate) suspended in 
an aqueous medium or other fluid, such as may be required 
for the inspection of liquefied food products, ciologicai 
fluids such as urine or plasma, or of liquids sampled 

15 during a chemical production process. The metnsd described 
provide rapid means for ascertaining the most appropriate 
conductivity value of the fluxd and voltage frequency range 
to be used in the dielectrophoret ic separation of a 
dominant particle type from the fluid, for example, the 

20 conductivity and frequency values required to obtain 

separation using positive or negative dielect rophores is . 

The procedure could be repeated on samples that 
had already been processed through a die lec t rophcresis 
separation stage, so as to further characterise a separated 

25 particle or ascertain the experimental conditions required 
tc separate other particle types which might have beer, 
present in the original sample. 

Another area of application would be m tr.e 
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:i le - ec: i wL'::-: i I . , i:a:'.i;:.' : ?MSi , ..nr. wi : l-uii -m:. . % -. . wi.;.-;. 
should iuv/e ^ :e.;a:vc^y homogeneous pcpulat i rr. or 
part ic let* . Examples he: -:.- :r.cluao z he Ticra tor : r. -j ot yeasi 
cells :r. termer.: ir:a beer or wine, or of the .cictic acic 
bacteria used as starter colonies in che ler:ne:iLa::or. ci 
yoghurt or rrheese, cr of cryntaiites rormed in a cnenica* 
production process. In these cases a rapid means would be 
provided tci c necking tne presence, viability ana 
homogeneity of the particle type. For exaxp^e, tne 
relative composition*; of dead and live yeas:, or oi the 
starter organisms in yognurt (typically streptococci ana 
iaczobaci 1 1 i ■ would be given by r. he dieiect rophcret :c 
spectra produced as a function of conductivity, as well as 
an indication of. the presence of spoiling impurities (eg. 
of yeast in yoghurt or of lactic acid bacteria in beer: . 
The homogeneity (size and chemical composition) of 
crystallites sampled during a chemical process could also 
be monitored. 

The invention could also be employed for the 
oielectrophoretic analysis of fluids containing several 
particle types. Examples here would include biological 
fluids sucn as urine, where the relative composition cf 
Gram-positive and Gram- negative bacteria could be 
ascertained by obtaining dieiect rophoret ic spectra over a 
range of conductivity and pH values, for example to 
identify the presence ot a dominant infective organism. 
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CLAIMS 

1. Apparatus tor testing particles present in a 

fluid comprising a chamber, a series or spaced electrodes 
m the chamoer, means for applying electrical inputs ol 
5 different frequencies to the respective electrodes to 

generate different die i ect rophoret ic fields in respective 
regions adjacent the electrodes, and means for detecting 
the presence ct parti -Ties in the respective; regions. 

2 . Apparatus according to claim 1 wherein the 

10 detection means comprises at least one electromagnetic 

radiation source arranged to direct radiation through said 
regions to impinge on the particles and at least one 
sens inc means to tnereby provide a signal for each* said 
region indicative of the presence of particles in said 
IS region. 

3 . Apparatus according to claim 1 wherein the 

detection means comprises sensing means for measuring 
variations in the electrical characteristics in said 
regions . 

20 4 . Apparatus according to claim 1 wherein said 

sensing means are connected to the electrodes serially for 
said measurements, eg. of current and/or voltage. 

E> . Apparatus according :o any one of the preceding 
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;a-::u; w;>~roi:i r. h»: :e"ocr;;;; r'»r,i; 4 :* ::rp; 
. -nr a ; :i : :ia c:n^- dependent data i:yjic:*:i vr 
quar.cuT. of displacement, of particles pvi 

6. Apparatus according to any one or t he rrececiiaq 

claims wherein means are provided to vary a parameter or 
the fluid carrying the particles progressively during the 
operation cf the apparatus . 



: r:.r ■ an- ;: 

unit I ix.tr . 



7. Apparatus according to any '':r:- of * he l receding 

claims wherein the series of electrodes pro vjc: towards d 
10 comnon conductive member. 



8. Apparatus according to any one of the preceding 

claims wherein the electrodes are arranged as a bank of 
laterally spaced elongate elements. 

S. Apparatus according to claim 7 and claim 8 

wherein the electrodes are arranged in a radiating pattern 
of elongate elements. 



10. Apparatus according tc claim ') wherein the 

electrodes radiate inwardly or outwardly towards a common 
electrode separated from the electrodes. 



2- 31- Apparatus according to any one oi the preceding 

claims comprising means for varying a parameter ot the 
fluid in the chamber while expesing the particles tnerein 
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i , r.hf- ^it*i'':';irophcro:r.: field::; , whereby m ». 
reaction of he particles to said vanaticr.. 



12. Apparatus according to any one ct claims 1 to 10 

comprising a plurality of said series of spacec electrodes 
S arranged in spaced zones of the chamber and means for 
supplying fluids having different parameters to the 

respective zones and fcr detecting the presence of 

partic":es in each said none. 

12. Apparatus according to any one of the preceding 

10 claims, comprising computer means for controlling said 

^.ler w r;cal .input application means and/or for processing 
signals from said detecting means. 

14. A method of testing particles comprising locating 

the particles in a carrier fluid in a space in different 
15 regions ot which they are subjected to a plurality of 
different dielectrophoret ic fields and detecting the 
presence of the particles in the respective regions in 
order to characterise or identify the particles detected. 



IS. A method according to claim 14 in which the 

2C particles are carried in a fluid that is circulated through 
said soace . 



16. A method according to claim 14 or claim 1 5 

wherein the presence of the particles is detected by 
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1" :i i cuoi: t r : e r-^pe c t 1 v e r : a : o n s . 

I'- 7 . A method according to claim 14 or claim 15 i;: 

which tne fields are generated employing a series of spaced 
5 electrodes and electrical measurement: means: are ccr.nectea 
to the electrodes to determine the presence c: the 
particles tne fields adjacent the respective electrodes. 

13- A method according r.o any ot claims hi to iv 

wherein a parameter or tne fluid carrying -he ^articles is 
10 varied to rest for any variation of response obtained 
thereby. 

19. A method according to claim 1% wherein said 

parameter is varied over a period of time while detecting 
any particles present. 

I 5 20. A method according to claim 18 wnerem said space 

comprises a plurality of zones in which said fluid 
parameter is different from zone to zone and particles in 
the fluid m each zone are subjected to a plurality of 
different dielect rophore t ic fields for detection of 

20 particles in the respective zones. 
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